Nano-composite technology makes it possible to improve dielectric properties, such as resistivity, breakdown strength and so on, under high DC stress.
INTRODUCTION
Recently, the nano-composite insulating materials, which are made of base resin mixed with nano-size filler, are remarked as which show a good electrical performance under high electric stress.
The LDPE/MgO nano-composite material, which is made of low-density polyethylene (LDPE) mixed with MgO nano-filler has a higher resistivity under high DC stress than that in low-density polyethylene [1] . However, the mechanism of the improvement of resistivity in LDPE/MgO has not been clear yet. It is thought that the resistivity against the DC stress is sometimes strongly affected by the space charge formation in the bulk of the sample. On the other hand, we have investigated a space charge formation in LDPE under ultra-high electric field of more than 100 kV/mm using PEA measurement system [2] . In the paper, we reported that a huge positive packet-like charge injected into LDPE In fact, the breakdown was not occurred in all experiments. All the measurements were carried out on flesh samples, which were not used for the measurement before. We measured the space charge profiles, more than three times for each experimental condition. We chose the typical results, which seem to show enough reproducibility, for this report.
1-4244-0189-5/06/$20.00 ©2006 IEEE. Figs.2, 3 and 4 show the experimental results on LDPE. In these figures, they are including (a) time dependences of the space charge behaviors described using gray scale, (b) the space charge distributions and (c) the electric field distributions calculated from the charge distributions. In the figures (b) and (c), ,L, the distributions obtained with every 6 minutes are Output described. As shown in Fig. 2 , it is found that the SignalX positive space charges were injected into the samples from the anode. In the case of 150 kV/mm, the injected small amount of positive space charge spread towards the cathode and the sample seems to be covered with the small amount of positive charge at 1 hour after voltage on. On the other hand, as shown in Fig. 3 , the positive packet-like charge with maximum peak of charge density of about 200 C/m3 is injected into the LDPE sample under applied electric field of 200 kV/mm. The relative depth of the packet-like charge from anode at 1 hour after voltage on is about 50 % of the sample thickness. In the case of 250 kV/mm as shown in Fig. 4 , the peak value of the positive packet-like charge and its relative depth at 1 hour are 350 C/m3 and 33 %0. It means that the higher initial applied electric field makes the higher peak value and the shallower depth of the injected packet-like charge. Similar properties are also observed in our previous report [2] . With increase of the amount of injected packet-like charge, the local electric field is increased as shown in figures of (c). The movement of the packet-like charge seems to be a stable state at 1 hour under this applied electric field. On the other hand, complicated profiles were observed in it under applied electric field of 200 and 250 kV/mm, as shown in Fig. 6 and 7, respectively. To show the profiles of the electric field distributions clearly, some typical distributions at certain times, which are indicated in Fig. 6 (a), are described in Fig.  6 (b) . In these results, at first, a relatively small amount of positive packet-like charge is injected into the bulk and it moves towards cathode, quickly. After the packet-like charge reach to the cathode, a negative charge appears in the middle of bulk, suddenly. The negative charge stays at the middle of the bulk with decreasing its amount of charge. Then, a new very small positive packet-like charge is injected from anode and it moves towards cathode. After that, the same process is observed repeatedly. The maximum local electric fields are calculated from charge distributions which seem to be stable states. Therefore, some of them in LDPE are obtained at more than 10 hours after voltage on. In this figure, the broken line indicates the applied electric field. Therefore, the data over the line mean that the electric fields are enhanced by the space charge in the bulk.
When the initial electric field of more than 100 kV/mm is applied to LDPE film, the local electric field is strongly enhanced. Especially in the case of more than 200 kV/mm, the enhanced electric field reaches to about 500 kV/mm. On the other hand, the enhancement of the local electric field in LDPE/MgO is very small compared with those in LDPE. 
CONCLISIONS
Space charge formation in LDPE/MgO nano-composite thin films under high DC electric field of more than 100 kV/mm were studied using a PEA system with high spatial resolution. In LDPE, it was found that the huge amount of positive packet-like charge was injected into bulk and it made the local electric field higher. 
